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(57)Abstract: 

PROBLEM TO BE SOLVED: To efficiently measure 
polarized wave mode dispersion PMD at each position L in 
an optical fiber 18. 

SOLUTION: Information of light a propagating at each 
position L in the optical fiber 18 is obtained by utilizing 
backward scattered light b generated in the optical fiber 1 8. 
Furthermore, a light source part 10 for emitting a plurality of 
pulselike light a1 f a2 having wavelengths XI, X2 different 
from each other at a fixed measurement period TS and a 
light wave synthesizer 14 for synthesizing each light a1, a2 
emitted from the light source part into one light a are 
adopted to incorporate a plurality of light pulses a1, a2 
having different. wavelengths in one measurement period TS 
for the light a entering the optical fiber 18. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The light source section which carries out outgoing radiation of two or more pulseHike light 
which has mutually different wavelength by the predetermined measurement cycle (TS) (10), The 
polariscope which it polarizes [ polariscope ] alternatively to three different plane of polarization, 
respectively, and carries out incidence of the light it was multiplexed [ light ] with the multiplexing machine 
(14) which multiplexs each light by which outgoing radiation was carried out from this light source section, 
and this multiplexing vessel to a measuring object optical fiber (18) (15), The light analysis machine whose 
extract received the back scattered light (b) by which outgoing radiation is carried out from said measuring 
object optical fiber, and was alternatively enabled in 0 degree of this back scattered light, 45 degrees, 90 
degrees, and each light analysis component of a circle (19), The splitter which separates spectrally each 
light analysis component by which outgoing radiation was carried out from this light analysis machine into 
the light of the wavelength from which the origin of said plurality differs (22), Two or more light sensing 
portions which receive each light separated spectrally with this splitter, and are changed into the signal 
corresponding to optical reinforcement (23a, 23b), Two or more A/D converters which change into digital 
data the signal outputted from these two or more light sensing portions (25a, 25b), The polarization mode 
dispersion distribution measuring device equipped with the polarization mode dispersion distribution 
calculation section (26) which computes the polarization mode dispersion (PMD) in each location (L) of said 
measuring object optical fiber based on each data outputted from these two or more A/D converters, 
respectively. 

[Claim 2] Said light source section is a polarization mode dispersion distribution measuring device 
according to claim 1 characterized by being able to shift time amount and carrying out outgoing radiation of 
two or more pulseHike light which has mutually different wavelength into said measurement cycle. 
[Claim 3] Said light source section is a polarization mode dispersion distribution measuring device 
according to claim 1 characterized by carrying out outgoing radiation of two or more pulseHike light which 
has mutually different wavelength to the same timing. 

[Claim 4] Said light source section is claim 1 characterized by carrying out outgoing radiation of the pulse- 
like 2 light which has mutually different wavelength thru/or the polarization mode dispersion distribution 
measuring device of three given in any 1 term. 

[Claim 5] The wavelength adjustable light source section which carries out outgoing radiation of two or 
more light of the shape of pulse shifted in time [ have mutually different wavelength and ] by the 
predetermined measurement cycle (TS) (30), The polariscope which it polarizes [ polariscope ] alternatively 
to three different plane of polarization based on external directions, respectively, and carries out incidence 
of the light by which outgoing radiation was carried out from this wavelength adjustable light source 
section to a measuring object optical fiber (18) (15), The light analysis machine whose extract received the 
back scattered light (b) by which outgoing radiation is carried out from said measuring object optical fiber, 
and was alternatively enabled in 0 degree of this back scattered light, 45 degrees, 90 degrees, and each 
light analysis component of a circle (19), The splitter which separates spectrally into the light of each of 
said wavelength each light analysis component by which outgoing radiation was carried out from this light 
analysis machine (22), Two or more light sensing portions which receive each light separated spectrally 
with this splitter, and are changed into the signal corresponding to optical reinforcement (23a, 23b), Two or 
more A/D converters which change into digital data the signal outputted from said two or more light 
sensing portions with the fixed time interval (tS) from the start time of said measurement cycle (25a, 25b), 
The polarization mode dispersion distribution calculation section which computes the polarization mode 
dispersion (PMD) in each location (L) of said measuring object optical fiber based on each data outputted 
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from these two or more A/D converters, respectively (26), While carrying out the sequential directions of 
the combination of a total of 12 pieces of said polarization condition and light analysis condition to said 
polariscope and a light analysis machine for said every measurement cycle The polarization mode 
dispersion distribution measuring device equipped with the gauge control section (27) which directs 
calculation of polarization mode dispersion to said polarization mode dispersion distribution calculation 
section after these a total of 1 2 directions of combination. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the polarization mode dispersion distribution measuring 
device which measures polarization mode dispersion PMD in each location from the end in an optical fiber 
to the other end especially with respect to measurement of polarization mode dispersion PMD in an optical 
fiber. 
[0002] 

[Description of the Prior Art] In the optical transmission system using an optical fiber as a transmission 
medium, since it decreases in the process in which a light pulse signal is transmitted in the inside of an 
optical fiber or a wave is confused, the repeater is installed every 1 20-1 50km, for example. In each 
repeater, the light pulse signal which carried out incidence is changed into an electrical signal, and is 
amplified, and it shapes in waveform further, changes into a light pulse signal again, and outgoing radiation 
is carried out to an optical fiber. 

[0003] However, the optical amplifier which amplifies directly the light pulse signal transmitted in the inside 
of an optical fiber in recent years was put in practical use, and it has been adopted instead of being the 
repeater mentioned above. By using this optical amplifier, the communication link of a light pulse signal was 
attained in the distance which amounts to 10000km, without using a repeater. However, although the 
optical amplifier has the function which amplifies a light pulse signal, it does not have the waveform- 
shaping function to a light pulse signal. 

[0004] The big cause that a light pulse signal wave form while transmitting a long-distance optical fiber is 
confused has the polarization mode dispersion which the optical fiber other than a noise itself has. This 
polarization mode dispersion (Polarization Mode Dispersion) is explained. As shown in drawing 9 (a), a 
difference produces the inside of an optical fiber 1 in the transmission speed of Mitsunari part 2a and 2b 
which intersect perpendicularly mutually [ the light pulse signal transmitted ]. It is because it originates in 
the difference of this transmission speed transforming an applicable optical fiber, or being refracted and a 
difference arises in a refractive index in the cross section of an optical fiber. 

[0005] Therefore, phase contrast deltaphi or Mitsunari part 2a f and time delay deltatau between 2bs arise 
in Mitsunari part 2a and 2b 2b and a light pulse signal cross at right angles in the process transmitted in 
the inside of an optical fiber 1. Consequently, as shown in drawing 9 (b), when breadth, Mitsunari part 2a, 
and phase contrast deltaphi of 2b become one wave (deltaphi=2pi) in the process in which pulse width W of 
the whole light pulse signal 2 is transmitted in the inside of an optical fiber 1, pulse width W of the whole 
light pulse signal 2 becomes twice (2W). Un-arranging [ that the frequency of the light pulse signal 2 
impressed to an optical fiber 1 is restricted ] produces that pulse width W of the light pulse signal 2 is 
expanded. 

[0006] Therefore, it is very important to measure polarization mode dispersion PDM in the optical fiber 1 
used for an optical transmission system. When the light pulse signal 2 which carried out incidence from end 
1a of an optical fiber 1 specifically reaches other end 1b, it is necessary to measure and check time delay 
deltatau or phase contrast deltaphi produced Mitsunari part 2a and between 2bs. 

[0007] the Jones matrix (JMM) of polarization mode dispersion PDM in this optical fiber 1 — the general 
measurement procedure using law is explained using drawing 10 . In this Jones matrix method, incidence of 
the light pulse signal 3a for a trial is carried out to end 1a of an optical fiber 1, and light pulse signal 3b for 
a trial which is transmitted in the inside of an optical fiber 1, and is outputted to other end 1b of an optical 
fiber 1 is received. 

[0008] And the polarization condition of light pulse signal 3a for a trial impressed to end 1a of an optical 
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fiber 1 is set as three polarization conditions, 0 degree, 45 degrees, and 90 degrees, to a reference axis, 

and the light analysis condition of light pulse signal 3b which receives light by other end 1b of an optical 

fiber 1 is set as four kinds, 0 degree, 45 degrees, 90 degrees, and a circle (circular polarization of light). 

And the optical reinforcement of light pulse signal 3b is measured in the state of four kinds of light analysis 

for every polarization condition (0 degree by the side of incidence, 45 degrees, and 90 degrees). 

[0009] Therefore, it measures in a total of 12 kinds of combination. (1) type can be found, if optical 

reinforcement (incident light reinforcement) of light pulse signal 3a of each polarization condition is set to 

X00, X45, and X90 (= [X]) and optical reinforcement (outgoing radiation light reinforcement) of light pulse 

signal 3b of each light analysis condition is set to Y00, Y45, Y90, and YR (= [Y]). 

[0010] 

[Y ] = [S ] [X ] 

-(1) 



[S] calls among a formula the parameter [S] of the stokes which shows the relation between the optical 
reinforcement X00, X45, and X90 (= [X]) of an input side, and the optical reinforcement Y00, Y45, Y90, and 
YR (= [Y]) of an output side. If the parameter [S] of a stokes can be found, it will ask for Jones vectors 
J00, J45, J90, and JR of each output light (each light analysis condition) from the parameter [S] of this 
stokes. Furthermore, one Jones matrix T is searched for from each of these Jones vectors J00, J45, J90, 
and JR. 

[0011] Only very small wavelength deltalambda changes the wavelength of light pulse signal 3a which 
carries out incidence of the Jones matrix T explained above, and it asks by the same'count technique. 
That is, the Jones matrices T (lambda 1) and T (lambda 2) in two kinds of wavelength lambdal and Iambda2 
are searched for. Polarization mode dispersion PDM which consists of time delay deltatau or phase 
contrast deltaphi produced from these two matrix values T (lambda 1) and T (lambda 2) Mitsunari part 2a in 
other end 1b of an optical fiber 1 and between 2bs can be found. 
[0012] 

[Problem(s) to be Solved by the Invention] However, the following technical problems which should still be 
improved in the technique of measuring polarization mode dispersion PDM of an optical fiber in the 
procedure mentioned above occurred. 

[0013] That is, in addition to a total of 12 kinds of Measuring conditions of three kinds of polarization 
conditions for carrying out incidence of the light pulse signal 3a for a trial, and four kinds of light analysis 
conditions for taking out light pulse signal 3b, since the data of two kinds of wavelength lambdal and 
Iambda2 are required, the sum total and 24 measurement must be carried out. Therefore, measurement 
working hours increase sharply. 

[0014] Moreover, in the technique shown in drawing 10 , only polarization mode dispersion PDM in other 
end 1b in the optical fiber 1 of the measuring object can be measured. For example, in the long-distance 
optical fiber 1 exceeding 1000km, it is thought that deformation various by the middle and stress are 
impressed. In such a location, although it was thought that polarization mode dispersion PDM changed 
rapidly, there was no way which grasps change of such polarization mode dispersion PDM generated in the 
halfway location in an optical fiber 1. 

[0015] This invention is made in view of such a situation, and while being able to measure the polarization 
mode dispersion in each location in an optical fiber by using the back scattered light generated in an 
optical fiber, it aims at offering the polarization mode dispersion distribution measuring device which can 
shorten the measurement processing time sharply. 
[0016] 

[Means for Solving the Problem] In order to cancel the above-mentioned technical problem, the 
polarization mode dispersion distribution measuring device of this invention The light source section which 
carries out outgoing radiation of two or more pulse-like light which has mutually different wavelength by 
the predetermined measurement cycle, The polariscope which it polarizes [ polariscope ] alternatively to 
three different plane of polarization, respectively, and carries out incidence of the light it was multiplexed 
[ light ] with the multiplexing machine which multiplexs each light by which outgoing radiation was carried 
out from the light source section, and the multiplexing vessel to a measuring object optical fiber, The light 
analysis machine whose extract received the back scattered light by which outgoing radiation is carried out 
from a measuring object optical fiber, and was alternatively enabled in 0 degree of this back scattered light 
45 degrees, 90 degrees, and each light analysis component of a circle, The splitter which separates 
spectrally each light analysis component by which outgoing radiation was carried out from the light analysis 
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machine into the light of the wavelength from which the origin of plurality differs, Two or more light sensing 
portions which receive each light separated spectrally with the splitter and are changed into the signal 
corresponding to optical reinforcement, Based on each data outputted, respectively from two or more A/D 
converters which change into digital data the signal outputted from two or more light sensing portions, and 
two or more A/D converters, it has the polarization mode dispersion distribution calculation section which 
computes the polarization mode dispersion in each location of a measuring object optical fiber. 
[0017] thus, the constituted polarization mode dispersion distribution measuring device — setting — the 
gauge control section — the Jones matrix (JMM) — the sequential directions of the combination of a total 
of 12 pieces of the polarization condition and light analysis condition which are adopted when law is used 
are carried out to a polariscope and a light analysis machine for every measurement cycle. Furthermore, 
two or more pulse-like light which has mutually different wavelength in each of this measurement cycle is 
impressed to the optical fiber of the measuring object. Therefore, the required measurement count fell to 
24 conventional times or 12 times of one half. Consequently, the measurement processing time can be 
shortened sharply. 

[0018] Moreover, the light which carried out incidence from the end of a measuring object optical fiber was 
not detected by the other end side, and is detected by the back scattered light outputted from an end 
side. Since a back scattered light is the reflected light in each location in a measuring object optical fiber, 
it can detect the optical condition in each location equivalent Since the back scattered light which 
received by the end is strictly transmitted in the path of being twice many as this, it is necessary to amend 
receiving level. Polarization mode dispersion PDM in each location in a measuring object optical fiber can 
be found from the optical condition in each of this location, and the optical condition in an end. 
[0019] Moreover, in the polarization mode dispersion distribution measuring device of invention which 
mentioned another invention above, into a measurement cycle, the light source section can shift time 
amount and carries out outgoing radiation of two or more pulse-like light which has mutually different 
wavelength. 

[0020] Moreover, in the polarization mode dispersion distribution measuring device of invention which 
mentioned another invention above, the light source section carries out outgoing radiation of two or more 
pulse-like light which has mutually different wavelength to the same timing. 

[0021] Moreover, in the polarization mode dispersion distribution measuring device of invention which 
mentioned another invention above, the light source section carries out outgoing radiation of the pulse-like 
2 light which has mutually different wavelength. 

[0022] Furthermore, it sets to the polarization mode dispersion distribution measuring device of another 
invention. The wavelength adjustable light source section which carries out outgoing radiation of two or 
more light of the shape of pulse shifted in time [ have mutually different wavelength and ] by the 
predetermined measurement cycle, The polariscope which it polarizes [ polariscope ] alternatively to three 
different plane of polarization based on external directions, respectively, and carries out incidence of the 
light by which outgoing radiation was carried out from the wavelength adjustable light source section to a 
measuring object optical fiber, The light analysis machine whose extract received the back scattered light 
by which outgoing radiation is carried out from a measuring object optical fiber, and was alternatively 
enabled in 0 degree of this back scattered light, 45 degrees, 90 degrees, and each light analysis component 
of a circle, The splitter which separates spectrally into the light of each wavelength each light analysis 
component by which outgoing radiation was carried out from the light analysis machine, Two or more light 
sensing portions which receive each light separated spectrally with the splitter and are changed into the 
signal corresponding to optical reinforcement, Two or more A/D converters which change into digital data 
the signal outputted from the start time of a measurement cycle from two or more light sensing portions 
with a fixed time interval, The polarization mode dispersion distribution calculation section which computes 
the polarization mode dispersion (PMD) in each location of a measuring object optical fiber based on each 
data outputted from two or more A/D converters, respectively, While carrying out the sequential directions 
of the combination of a total of 12 pieces of a polarization condition and a light analysis condition to a 
polariscope and a light analysis machine for every measurement cycle, it has the gauge control section 
which directs calculation of polarization mode dispersion to the polarization mode dispersion distribution 
calculation section after these a total of 12 directions of combination. 

[0023] Thus, in the constituted polarization mode dispersion distribution measuring device, since the 
wavelength adjustable light source section which carries out outgoing radiation of the light which has two 
or more pulse shape shifted in time [ wavelength differs mutually and ] is adopted, a multiplexing machine 
is not required and simplification of the whole equipment can be attained. 
[0024] 
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[Embodiment of the Invention] Hereafter, each operation gestalt of this invention is explained using a 
drawing. 

(The 1st operation gestalt) Drawing 1 is the outline block diagram, of the polarization mode distribution 
measuring device concerning the 1st operation gestalt of this invention. In the light source section 10, as 
shown in drawing 2 , semiconductor laser 11a which carries out outgoing radiation of the light pulse a1 of 
wavelength. lambda 1 which has pulse width W by the fixed measurement cycle TS, and semiconductor 
laser 11b which carries out outgoing radiation of the light pulse a2 of wavelength lambda 2 which has pulse 
width W by the fixed measurement cycle TS are incorporated. Drive control of pulse width [ of each light 
pulses a1 and a2 by which outgoing radiation is carried out from each semiconductor laser 11a and 11b ] 
W, a measurement cycle TS, and the amount tS of gaps of the outgoing radiation timing of each light 
pulses a1 and a2 is carried out in the drive circuit 13. If the drive circuit 13 becomes each start time of a 
measurement cycle TS, respectively, it sends out the conversion initiation timing signals d1 and d2 to the 
timing control section 28. 

[0025] It is multiplexed by one light a with the following multiplexing vessel 14, and incidence of each light 
pulses a1 and a2 by which outgoing radiation was carried out by only the very small time amount tS 
shifting from the light source section 10 is carried out to the polariscope 15 with which the following 
polarizer 15a was incorporated. This polariscope 15 controls the light a which adjusted and carried out 
incidence of the include angle of polarizer 15a based on the directions from the gauge control section 27 in 
each polarization condition (0 degree, 45 degrees, and 90 degrees) over a reference direction. 
[0026] The light a controlled by the polariscope 15 by one of the inside whose polarization directions are 0 
degree, 45 degrees, and 90 degrees passes the optical turnout 1 6 as it is, and incidence is carried out 
through a connector 17 to end 18a of the optical fiber 18 of the measuring object The light a by which 
incidence was carried out from end 18a is transmitted in the direction of other end 18b in the inside of an 
optical fiber 18. At the process in which Light a is transmitted in the inside of an optical fiber 18, a back 
scattered light b is the main ****. Outgoing radiation of this back scattered light b is carried out from end 
18a of an optical fiber 18, and incidence is carried out through a connector 17 to the optical turnout 16. A 
back scattered light b branches by the optical turnout 16, and incidence is carried out to the light analysis 
machine 19. 

[0027] In this light analysis machine 19, the analyzer 20 and the quarter-wave length plate 21 are 
incorporated. The light analysis machine 19 extracts a part for Mitsunari of the light analysis direction (0 
degree to the reference direction of the back scattered light b by which adjusted the include angle of an 
analyzer 20, or chose the quarter-wave length version 21 and incidence was carried out, 45 degrees, and 
90 degrees), or the circular polarization of light (light analysis) based on the directions from the gauge 
control section 27. 

[0028] The amount of [ of each light analysis direction of the back scattered light b extracted with the light 
analysis vessel 19 ] Mitsunari is the following splitter 22, and it is separated spectrally into the original 
wavelength lambda 1 and two back scattered lights b1 and b2 with Iambda2 component, respectively. 
[0029] After each back scattered lights b1 and b2 with each wavelength lambda 1 and Iambda2 component 
which were separated spectrally with the splitter 22 are changed into the signal corresponding to optical 
reinforcement by light sensing portions 23a and 23b, respectively and are amplified by predetermined level 
by each amplifiers 24a and 24b, they are inputted into each A/D converters 25a and 25b. 
[0030] Each A/D converters 25a and 25b will change each inputted signal into each digital data value 
Dlambda11, Dlambda12, Dlambda13, — , Dlambda21, Dlambda22, Dlambda23, and — synchronizing with the 
clock of the fixed time interval td, if each conversion initiation timing signals d1 and d2 from the timing 
control section 28 input as shown in drawing 2 . Each data value Dlambdal 1 changed with each A/D 
converters 25a and 25b, Dlambdal 2, Dlambdal 3, — Dlambda21, Dlambda22, Dlambda23, and — are 
inputted into the following polarization mode dispersion distribution calculation section 26. Therefore, it 
becomes the optical reinforcement Y of the light pulse in each of this data value Dlambdal 1, Dlambdal 2, 
Dlambdal 3, — , each location [ in / in Dlambda21, Dlambda22, Dlambda23, and — / the optical fiber 18 of 
the measuring object ] L (each distance locations L1, L2, and L3 from end 18a, — ). 

[0031] For example, the polarization mode dispersion distribution calculation section 26 which consists of a 
small computer Each data value Dlambdal 1 in 24 kinds of each Measuring condition (a polarization 
condition, a light analysis condition, and a wavelength condition should put together) inputted from each 
A/D converters 25a and 25b, Dlambdal 2, Dlambdal 3, — Dlambda21, Dlambda22, Dlambda23, and — are 
once memorized. Based on the calculation directions e from the gauge control section 27, it can set to 
each distance locations L1, L2, and L3 from the end in the optical fiber 18 of the measuring object, and — . 
For example, it is calculation ****** about the polarization mode dispersion PDM1, PDM2, and PDM3 
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which consists of time delay deltatau or phase contrast deltaphi produced Mitsunari part 2a and between 
2bs, and — . 

[0032] The polariscope 15 when carrying out outgoing radiation of the light pulse a1 of one single 
wavelength lambda 1 from the light source section 10 specifically 0 degree, Each lightwave signals X001, 
X451, and X901 (= 1) at the time of changing into each electrical signal of the polariscope 15 at the time of 
setting it as three polarization conditions (45 degrees and 90 degrees) (A=1-3) are measured beforehand, 
and storage maintenance is carried out at the storage section. Similarly the polariscope 15 when carrying 
out outgoing radiation of the light pulse a2 of the single wavelength lambda 2 of another side from the light 
source section 10 0 degree, Each lightwave signals X002, X452, and X902 (= 2) at the time of changing into 
each electrical signal of the polariscope 15 at the time of setting it as three polarization conditions (45 
degrees and 90 degrees) (A=1-3) are measured beforehand, and storage maintenance is carried out at the 
storage section. 

[0033] and — each — distance — a location — L — one — L — two — L — three — it can set — each 
— wavelength — lambda — one — lambda — two — every — 12 — a kind — a data value — D — 
lambda — one (=1) — D — lambda — two (= 2) — from — having mentioned above — ( — one — ) — a 
formula — filling — each — wavelength — lambda — one — lambda — two — every — a stokes — a 
parameter — [ — S — ] — one — [ — S — ] — two — computing . [f each wavelength lambda 1, the 
parameter [S] 1 of the stokes in every lambda 2, and 2 can be found, it will ask for Jones vectors J00, J45, 
J90, and JR of each wavelength lambda 1 and the output light (each light analysis condition) in every 
lambda 2 from the parameter [S] 1 of each of this stokes, and 2. Furthermore, one Jones matrices T 
(lambda 1) and T (lambda 1) are searched for for every [ each wavelength lambda 1 and ] lambda 2, 
respectively from each of this wavelength lambda 1 and Jones vectors J00, J45, J90, and JR in every 
lambda 2. Polarization mode dispersion PMD which consists of time delay deltatau or phase contrast 
deltaphi produced Mitsunari part 2a in the applicable distance location L of the optical fiber 18 of the 
measuring object and between 2bs is computed from each of this wavelength lambda -1 and the matrix 
values T (lambda 1) and T (lambda 1) in every lambda 2. 

[0034] If polarization mode dispersion PMD in one distance location L can be found, polarization mode 
dispersion PMD in each distance location will be computed in the same procedure. 

[0035] Thus, each distance locations LI, L2, and L3 from end 18a of the optical fiber 18 of the measuring 
object, each polarization mode dispersion PMD1, PMD2, and PMD3 in — , and — are computed. Drawing 4 
is drawing showing an example of the distribution property in the optical fiber 18 of computed polarization 
mode dispersion PMD. 

[0036] The gauge control section 27 which consists of a computer sets up the width of face W of each 
light pulses a1 and a2, a measurement cycle TS, and the amount tS of gaps of the outgoing radiation timing 
of each light pulses a1 and a2 to the drive circuit 13 of the light source section 10 in advance of initiation 
of this polarization mode dispersion distribution PMD measurement 

[0037] After the above preliminary treatment ends the gauge control section 27, three polarization 
conditions (0 degree, 45 degrees, and 90 degrees), While carrying out the sequential directions of the 
combination of a total of 1 2 pieces with 0 degree, 45 degrees, 90 degrees, and four light analysis conditions 
of a circle (polarization) to a polariscope 15 and the light analysis machine 19 for every measurement cycle 
TS, the calculation directions e of polarization mode dispersion are sent out to the polarization mode 
dispersion distribution calculation section 26 after these a total of 12 directions of combination. 
[0038] The detail actuation in this gauge control section 27 is explained using the flow chart of drawing 3 
R> 3. First, the definition with a polarization condition and a light analysis condition is performed. As shown 
in drawing 3 , the polarization condition A= 1 is considered as 0-degree polarization, the polarization 
condition A= 2 is considered as 45-degree polarization, and the polarization condition A= 3 is considered 
as 90-degree polarization. Moreover, the light analysis condition B= 1 is considered as 0-degree light 
analysis, the polarization condition B= 2 is considered as 45-degree light analysis, the polarization 
condition B= 3 is considered as 90-degree light analysis, and B= 4 is considered as the circle light analysis 
(polarization) using a quarter-wave length plate. 

[0039] Initiation of processing initializes the polarization condition of a polariscope 15 over the light a 
which carries out incidence to an optical fiber 18 in S(step) 1 (A= 1). And the polarization condition of a 
polariscope 15 is set as A (S2). Next, the light analysis condition of the light analysis machine 19 over the 
back scattered light b outputted from an optical fiber 18 in S3 is initialized (B= 1). And the light analysis 
condition of the light analysis machine 19 is set as B (S4). 

[0040] Next, output finger directions of light pulses a1 and a2 are sent out to the drive circuit 13 of the 
light source section 10 (S5). Then, as shown in drawing 2 from the light source section 10, the light pulses 
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a1 and a2 of the pair from which output timing shifted only in the very small time amount tS are outputted 
by pulse width W. An output of the light pulses a1 and a2 of a pair sends out the **** initiation commands 
d1 and d2 from the drive circuit 13 to each A/D converters 25a and 25b. Consequently, synchronizing with 
the clock of the fixed time interval td, output initiation of each data value Dlambda11, Dlambda12, 
Dlambda13, — , Dlambda21, Dlambda22, Dlambda23, and — is carried out from each A/D converters 25a 
and 25b. 

[0041] The gauge control section 27 sends out the reading directions e of each data value Dlambda11 over 
each wavelength lambdal and Iambda2, Dlambda12, Dlambda13, — Dlambda21, Dlambda22, Dlambda23, and 
— to the polarization mode dispersion distribution operation part 26 (S6). Consequently, the polarization 
mode dispersion distribution operation part 26 starts the read of each data value Dlambda11 over each 
wavelength lambdal and Iambda2 in one Measuring condition which consists of combination [AB] of the 
.polarization condition A and the light analysis condition B, Dlambda12, Dlambda13, — , Dlambda21, 
Dlambda22, Dlambda23, and — 

[0042] And if a measurement cycle (period) TS passes since the output start time of the light pulses a1 
and a2 of a pair (S7), it will judge that the measurement processing to the back scattered lights b1 and b2 
to one Measuring condition was completed, and the light analysis condition over a back scattered light b 
will be updated in S8 (B=B +1). 

[0043] And when the light analysis condition B after updating is not over 4, the measurement processing to 
return and the back scattered lights b1 and b2 to the Measuring condition which used the light analysis 
condition B after updating is started to (S9) and S4. 

[0044] Since four measurement processings in which the light analysis condition over one polarization 
condition was changed were completed when the light analysis condition B after updating exceeded 4 in 
S9, the polarization condition over the light a which carries out incidence to an optical fiber 18 in S10 is 
updated (A=A +1). 

[0045] And when the polarization condition A after updating is not over 3, the measurement processing to 
return and the back scattered lights b1 and b2 to the Measuring condition which used the polarization 
condition A after updating is started to (S11) and S2. 

[0046] When the polarization condition A after updating exceeds 3 in S1 1 Since each data value 
Dlambda11 over each wavelength lambdal and Iambda2 to the combination of a total of 12 pieces of three 
polarization conditions A and four light analysis conditions B [AB], Dlambda12, Dlambda13, — , Dlambda21, 
Dlambda22, Dlambda23, and read processing of — were completed The polarization mode dispersion PMD1, 
PMD2, and PMD3 in each location L of the optical fiber 18 of the measuring object and the calculation 
directions e of — are outputted to the polarization mode dispersion distribution operation part 26. 
[0047] The polarization mode dispersion distribution calculation section 26 will compute each distance 
locations LI, L2, and L3 from end 18a of the optical fiber 18 of the measuring object, each polarization 
mode dispersion PMD1, PMD2, and PMD3 in — , and — in the procedure mentioned above, if the 
calculation directions e of polarization mode dispersion input from the gauge control section 27. And a 
calculation result is outputted. 

[0048] Thus, in the constituted polarization mode dispersion measuring device, it was outputted from the 
light source section 10, the light a which carried out incidence from end 18a of the optical fiber 18 of the 
measuring object was not detected by other end 18b via the multiplexing machine 14 and the polariscope 
15, and it has detected by the back scattered light b outputted from the end 18a side. 
[0049] Since a back scattered light b is the reflected light in each distance locations LI, L2, and L3 in the 
optical fiber 18 of the measuring object, and — , the optical condition in each location L is detectable 
equivalent. And each data value Dlambda11 in each Measuring condition of the back scattered light b in 
each distance locations L1, L2, and L3 and — Dlambda12, Dlambda13, — Dlambda21, Dlambda22, 
Dlambda23, and — are read, and it is asking for each distance locations L1, L2, and L3 in the optical fiber 
18 of the measuring object, each polarization mode dispersion PMD1, PMD2, and PMD3 in — , and — using 
these data values. Therefore, polarization mode dispersion PMD of the optical fiber 18 of the measuring 
object can be measured more in a detail. 

[0050] moreover, the gauge control section 27 — the Jones matrix (JMM) — the sequential directions of 
the combination of a total of 12 pieces of three polarization conditions of a polariscope 15 and four light 
analysis conditions of an analyzer 19 which are adopted when law is used are carried out to the 
polariscope 15 and the light analysis machine 19 for every measurement cycle TS. Furthermore, the light a 
with which it was multiplexed in the light pulses a1 and a2 of the pair from which it has mutually different 
wavelength lambdal and Iambda2, and outgoing radiation timing shifted in each of this measurement cycle 
TS only in the very small time amount tS is impressed to the optical fiber 18 of the measuring object And 
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the back scattered light b is divided into two back scattered lights b1 and b2 which have each original 
wavelength lambdal and Iambda2 with a splitter 22. 

[0051] Therefore, since the operation to the light of mutually different wavelength lambdal and Iambda2 
was carried out within the same measurement-cycle T</SUB>S, the required measurement count fell to 
1 2 times of one half from 24 conventional times. Consequently, the measurement processing time of 
polarization mode dispersion PMD can be shortened sharply. 

[0052] (The 2nd operation gestalt) In the 1st operation gestalt equipment shown in drawing 1 , outgoing 
radiation timing controlled the light pulses a1 and a2 of the pair outputted from the light source section 10 
so that only the very small time amount tS shifted. However, as shown in drawing 5 f it is also possible to 
control identically the outgoing radiation timing of each light pulses a1 and a2. 
[0053] (The 3rd operation gestalt) Drawing 6 is the outline block diagram of the polarization mode 
distribution measuring device concerning the 3rd operation gestalt of this invention. The same sign is given 
to the same part as the polarization mode distribution measuring device of the 1st operation gestalt shown 
in drawing 1 . Therefore, detail explanation of the overlapping part is omitted. 

[0054] In this 3rd operation gestalt equipment, the semiconductor laser 1 1a, 1 1b, — , 1 1 N of N (N> 3) base 
which carries out outgoing radiation of wavelength lambdal and Iambda2 different, respectively, — , the 
light pulses a1, a2, — , aN that have lambdaN is incorporated in the light source section 10. The 
multiplexing machine 14 multiplexs the light pulses a1, a2, — , aN of N individual in one light a. 
[0055] Incidence of the light a compounded with the multiplexing vessel 14 is carried out through a 
polariscope 15 and the optical turnout 16 to the optical fiber 18 of the measuring object. Incidence of the 
back scattered light b of an optical fiber 18 is carried out through the optical turnout 16 and the light 
analysis machine 19 to splitter 22a. Splitter 22a separates spectrally into the back scattered lights b1, b2, 
— , bN of the original wavelength lambdal and Iambda2, — , N individual with lambdaN component the back 
scattered light b which carried out incidence, respectively. 

[0056] After each wavelength lambdal and Iambda2 which branched by splitter 22a, — , each back 
scattered lights b1, b2, — , bN with lambdaN component are changed into the signal corresponding to 
optical reinforcement by light sensing portions 23a, 23b, — , 23N, respectively, they are inputted into A/D 
converters 25a, 25b, — , 25N. 

[0057] Each A/D converters 25a and 25b and — 25N, when each conversion initiation timing signals d1 and 
d2 from the timing control section 28 and — dN input, it is the fixed time interval td, and each inputted 
signal is changed into each digital data value Dlambda11, Dlambda12, Dlambda13, — , Dlambda21, 
Dlambda22, Dlambda23, — , DlambdaNI, DlambdaN2 and DlambdaN3, and — . Each data value Dlambda11 
changed by each A/D converters 25a and 25b and — 25N, Dlambda12, Dlambda13, — Dlambda21, 
Dlambda22, Dlambda23, — , DlambdaNI, DlambdaN2 and DlambdaN3, and — are inputted into the following 
polarization mode dispersion distribution calculation section 26. 

[0058] The polarization mode dispersion distribution calculation section 26 carries out data processing of 
wavelength [ of N individual specified from the gauge control section 27 ] lambdal and Iambda2, — , 
polarization [ as opposed to each distance location L of the optical fiber 18 of the measuring object using 
the combination of wavelength lambdaa of the pair of the arbitration of the lambdaN and lambdab ] mode 
dispersion PMD. 

[0059] Thus, in the constituted polarization mode dispersion distribution measuring device, when the gauge 
control section 27 makes sequential selection of two or more pairs of wavelength from which a wavelength 
field differs mutually and directs in the polarization mode dispersion distribution calculation section 26, as 
shown in drawing 7 (a), polarization mode dispersion PMD in each wavelength lambda in an optical fiber 18 
is computed, and the wavelength property of the polarization mode dispersion PMM can be acquired 
[0060] Furthermore, as wavelength lambdaa of a pair and lambdab are shown not only in the combination of 
the wavelength which approached but in drawing 7 (b), polarization mode dispersion PMD to the 
combination of the wavelength of arbitration can be measured. 

[0061] Thus, in the polarization mode dispersion distribution measuring device of this 3rd operation gestalt, 
the various wavelength properties in polarization mode dispersion PMD of the optical fiber 18 of the 
measuring object can be acquired. 

[0062] (The 4th operation gestalt) Drawing 8 is the outline block diagram of the polarization mode 
distribution measuring device concerning the 4th operation gestalt of this invention. The same sign is given 
to the same part as the polarization mode distribution measuring device of the 1st operation gestalt shown 
in drawing 1 . Therefore, detail explanation of the overlapping part is omitted. 

[0063] In this 3rd operation gestalt equipment, the wavelength adjustable light source section 30 was 
formed instead of the light source section 10 in the 1st operation gestalt equipment of drawing 1 , and the 
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multiplexing machine 14 is removed, tn the wavelength adjustable light source section 30, the 
semiconductor laser 31 by which an adjustable setup of the oscillation wavelength lambda is carried out in 
the predetermined wavelength range at arbitration is incorporated in drive circuit 13a. 
[0064] And if the gauge control section 27 sends out the outgoing radiation command of the light which 
has two or more pulse shape which shifted to drive circuit 13a in time [ wavelength differs mutually and ], 
it will set from the wavelength adjustable light source section 30 in the measurement cycle TS shown in 
drawing 2 (a). It has same pulse width W, and wavelength lambda differs mutually, and outgoing radiation of 
the one light a with the pulse shape of a pair with which generating time of day shifted only in the very 
small time amount tS is carried out Incidence of the one light a by which outgoing radiation was carried 
out from this wavelength adjustable light source section 30 is carried out as it is to a polariscope 1 5. The 
actuation after it is the same as the 1st operation gestalt equipment of drawing 1 . 

[0065] Therefore, the almost same operation effectiveness as the polarization mode dispersion distribution 
measuring device of the 1st operation gestalt explained previously can be done so. Furthermore, in this 
operation gestalt equipment, it is not necessary to use a multiplexing machine. 
[0066] 

[Effect of the Invention] As explained above, in the polarization mode dispersion distribution measuring 
device of this invention, the information on the light which spreads each location in an optical fiber using 
the back scattered light generated in an optical fiber has been acquired. Furthermore, he is trying to 
incorporate two or more light pulses from which wavelength differs within one measurement cycle to the 
light which carries out incidence to an optical fiber. Therefore, while being able to measure polarization 
mode dispersion PMD in each location in an optical fiber, the measurement processing time can be 
shortened sharply. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing showing the outline configuration of the polarization mode dispersion distribution 
measuring device concerning the 1st operation gestalt of this invention 

[Drawing 2] The timing diagram which shows measurement actuation of the polarization mode dispersion 
distribution measuring device of this 1st operation gestalt 

[Drawing 3] The flow chart showing actuation of the gauge control section included in the polarization 
mode dispersion distribution measuring device of this 1st operation gestalt 

[Drawing 4] Drawing showing the property of the polarization mode dispersion measured with the 
polarization mode dispersion distribution measuring device of this 1st operation gestalt 
[Drawing 5] Drawing showing the wave of the light by which outgoing radiation is carried out from the light 
source section in the polarization mode dispersion distribution measuring device concerning the 2nd 
operation gestalt of this invention 

[Drawing 6] Drawing showing the outline configuration of the polarization mode dispersion distribution 
measuring device concerning the 3rd operation gestalt of this invention 

[Drawing 7] Drawing showing the wavelength property of the polarization mode dispersion measured with 

the polarization mode dispersion distribution measuring device of this 3rd operation gestalt 

[Drawing 8] Drawing showing the outline configuration of the polarization mode dispersion distribution 

measuring device concerning the 4th operation gestalt of this invention 

[Drawing 9] Drawing for explaining polarization mode dispersion 

[Drawing 10] Drawing for explaining the measurement principle of the polarization mode dispersion using 

the Jones matrix method 

[Description of Notations] 

10 — Light source section 

11a, 11b, 11N — Semiconductor laser 

13 13a — Drive circuit 

14 — Multiplexing machine 

15 — Polariscope 

1 6 — Optical turnout 

18 — Optical fiber 

19 — Light analysis machine 
22 22a — Splitter 

23a, 23b, 23N — Light sensing portion 

24a, 24b, 24N — Amplifier 

25a, 25b, 25N — A/D converter 

26 — Polarization mode dispersion distribution operation part 

27 — Gauge control section 

28 — Timing control section 

30 — Wavelength adjustable light source section 
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[Drawing 3] 
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[Drawing 5 ] 
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[Drawing 9] 
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[Drawing 7] 
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